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(54) MODE-LOCKED LASER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a mode-locked 
double clad fiber laser excited by a wide band diode 
laser array to generate pulses of the order of 
picoseconds or femtoseconds. 
SOLUTION: 560fsec pulses of maximum power 40pJ 
and wavelength 1560nm are generated by an ErA'b fiber 
oscillator 101. 170fsec pulses of 50pJ can be generated 
in a cavity which is compensated for dispersion. A 
negative chirp fiber Bragg grating 105 is added so as to 
improve a cavity in dispersion controllability, whereby 
pulses of maximum power InJ and width 3psec can be 
generated. A saturated absorber 1 18 is used to make an 
oscillator start generating pulses, and a nonlinear 
polarization development is used for shaping pulses in a 
normal state. 
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2i:-*S<, /^Jl'X<DX7,jL+'-f±4 0 p J T-*So SfS 
^1 SMHzCJSiir, ;itl±¥*&{ti^j5 0 o,«wi;ti 

#>7-ffitJ#*^l SOmWaST-^), W^i-^-z^Jl-X 

«*^Jtl±, 1 4 8-1 5 ImWropilC 

[0 0 2 81 113 (a) i;t±, ^^-y . 7 T -f /<- ■ 
7-9-yyt&^ 1 0 SiffifflLt^^'tff-f™ mhmi 

gElgMW#»A''a, 0 3 (b) \z\m^ (a) i;W 
h2ffK-4»S£fK^tat. '^'^uxliKis p s e c T\ 



(7) #Pi¥9 - 1 6 7 8 6 9 

12 

0%ttf*l (EPt*? 3 0 - 8 8 OmW) i:i|jJpS*t4:ltil 

^imm-hm^\~{U K • X h 'J -yM-- 1 0 4# 

+^iSML»^.'f)£0t45o ZMt. -f - - -/ . 7 

. i^i^^f 1 0 5ff)*i:tt;*'ilfj#— K7 

r -f /<- 1 2 1 A*, %m%.i.^- F • X f 'J 7 tf>i^ 
iO (mode-stripping) i'iT^t^^^'chha 

[0 0 2 9] {•mm 1 «M^B,t.«) %%m i 

Xf^^zx%^^r)>^)\.%m%^^^m~■fh^\' tf-r -f -IS 
St <r> -m X'hh±\ feco#±«x«^^ K - f > r S *i t 

fc i> T- ^ , C t?)»#-C- 4 ^Ufitl* - F n -y ? t; 1 l) f 3 

\>mx^m\%^%%iz.-fhtzmz, »tt«f-i'-7-. 

7T • -fy-yVWi-l 0 5 ?tJnx.Tt i'-v ? 

20 t:, iS«^a"->?'Wt|i*^ 1 1 7 ti'>x*i 1 

»ij J; o-'niics* $ nfz'^xnm.^mm.m-'&.h.^h. 

~yf%^t%Z. itizM^ixflk.) oy-f^-jy 

[3 4 1:, Z.-on^^-'f ■ 7T'f/i--~ . 7'v-/yt&^l 
0 biiliyi 1 9 t. •ffifi-f-^--^>:y*^T-l 2 Ot?r 

iO-g^-t— T-- ^T-fM'- ■ 7*7-y ?~m^-Sr»L#2.:: 

10 0 3 01 mmm2'\ mz\z^ ^m^mmmtt 

LX<n^- Kn -y • V— »f-^fiSr^+o H 5 5'P>0 

1 1 i;»*'ti/cgswTt,, m-^htz^mmi^mwn 

-tt-ofc*>i:, fifDW#:l 1 8 ^{1*^-1 1 7Wft^« 

H*S^t*-Ml:Lfj7 7 7-r*™lltem2 0 2 * + 1' 
E*f-'f-l7)ft«l;EfiLT, •>xf-A<?)«ft^iior 

^^s. fijMi* (ip*,7 r ^ /i- 10 1) m^mmzi 

Til K^^iD X. ii / ^ Jl- X #1, i6 ( : , Sf^ft «^ H 
tt (it(±PI14) ^ti?7-y F--1^>-^- 7tY/<~ 
(negative dispersion clad 
50 ding pumpedfiber)tK-t;>yS^i 



!3 

•'• i>'<-2 0 1 t «ra.&-t>-)r, ^tf-f f-ftw^ti# 

#7T7-r-"i$sT.S2 0 2 wHiticKfisiiswr", 
+ ^. tf ^ f - wttiSS^W-Rt^PPx.^. t ^■'■r- ^ . 

izmmr'i,ho -MtLT, 5m«Er/Yb7r'f 
/<-10 1 (HI Wiififi*#M^*tfci^) to. 8 0m 
«SKttS'fe7T^/<--2 0 1 am-tiZtiZX':, 
X\ -t-^-tf-r f -*05j-f4«- ii t. /v f-tf n - t. 75' 

T-$^.o ««2ro^ST-f±. ^^tlMWn 7 0 f s e 
cSK. ^^Jl-X ■ XT^;l,+--jJ?5 0 p J fiS««e*f 
PI€?IXt*"'>XfJ/01-X (bandwidth-1 i 
mi ted Gaussian—shaped pul 
s e s) ^mhhtzo 

10 0 3 1 1 [*W13] B6CI±. «M3 t LT« 

^ - i^izmitm^ t tz [iw^it^m 4 t so i, s 

BetcfpLtld!:, «g3 0 lijltFS 0 2I± 

-f ^^-^WS { £ i b e r pig-tailed m 
0 d u 1 a t 0 r 1 ^r + i- f 

i.::t#4fiLvi, tfj, ^3 0 3 tfi-f 

&#ttS ? -f -^U-tfllf, 0 3 *ffi**-7"7t LT 

[ 0 0 3 2 1 mmm4] mat. ^m.mAtLx<n^ 

- Kn-y ^ • U—r-^fi^^LTV^So ii7tc5?Ljt 

(c, Kn y ? . 1) >y • V - 
t>\z, rS^^-y K ■ 7 7-f 1 0 .1 !i'J >i'- • 

- KD V ?«fl5(±, IfeffiWift 1 1 8 

x'l 1 0 i L'>Xi 1 1 tmmt-SESt-^>::tt;J:-3T 

lt«ft«5^S14 (long-term™ stabili 
ty) (±ll^?a/c4)«t4"5o /cfiL, C<0*'-f -/CO 
+ ^ kf T- r ~T'(i, fi^)t#Jiii-t5f4ttT'*ii{f >J > 
y^Wt-CT-t^W^fiS 0 1 *.i:*«r-J 

if. 'J > y ■ + f -coJl«e9$^tt(±J; 
(?)aiti^l#^.(;(±, iti 0 2i3iO-'ai 0 ewT^t't. 

[ 0 0 3 3 ] [^»J5] «flJ5TI±, Zlfi? 

7 -y K ■ 7 T f 1 0 1 + li'x f -ratt; 



(8) 9 - 1 6 7 8 6 9 
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W)Xi\hi\.xm. Z*? V -y F • 7T Y^<- 1 0 1 

SiiTi^-So J: T k'T- i -o^efi^f-'-if -f > 
■Sr. asCiPto 161 0 2 tai 0 6 t«ffl[;Efi$*i 
fz^- Ko-7i?M5 0 1 t LT(±. ffix.i±\ ^^itx^' 
■y -f- ( a 1 1 - o p t i c a 1 s w i t c h ) . 

Y . 7r4^<- myf-t-f) UK 7,-fy4 X^miX 
HA^yy K • 7-7 0 1 t:ff«T-SSC ti:?± 

7'a5 0 2 ^ffifflLt+^lfx^-»^^1-c Zfett 

? -f -/roHfeS^f > 7-^^ffil-t 2) ^ t i WtlT-*^ , 
U—V-Bitii^&izii^ mi 0 2ttzl±l Q 6nb% 
hii^-:^immEMmzLXi,J:^\ 
20 10 0 3 41 [*iftM6] **«6 t LTCO*- Kny 

ZS^v /F- 7 T ^ftfflLT, 7T-7-?'-li|S 
^$rttffl-L>-t"U7a.A F#W— r- >7.rA^fl|«L 

fcc 7 7'f/s'"-t»it»OEttS:»aftT-|&W 
r% feffliftiRf* 1 1 814^6 0 1 (:®M$*r%Ai^ 

iW«^T-4., ^1 0 "CfifOWXftl 1 8(l^-tii4- 

30 [0 0 3 5] HI Od^LfciT tc, 7T7f--!S(sT- 

i^l 0 5*ZS^v v F • 7r'f 1 0 llC^SLH 
So ^\-~f • 7T-f/i-- • T'v-yy^&^-l 0 SOfl-ft 

ltT-(±3fM(Oai*4ll^/c*C{@*^ 1 1 7{:i3V>T^ 
y r i /<~-<r)Um\'Mi)''ijkh^X'4m\mt Lv>o L 

40 7tMt*'7T • -t^tf-r ^ - 'itltsas^i'*?) 

J; -1 4^^tt«^M(±, 11 0 0 p s e c *•«) 

+ 'J Tm^&mmmimmi- zztizi^ xm-ik 

U^i>. ifc. *^tf-rf-^**^MW7r^/i- 

T-tiJftfs ; 1 1; 1 o T Is , ^^ttrop^ffi^rfe-fc-c # 
'] >y • +-vfT f-«a^i:|Bj»t;, ii7Ti'/{ 

50 SJt] ffii-ct#T-^&. 
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[ 0 0 3 6 ] [mmm 7 ] a 1 1 izff:Lfzmmm 7 tt 

7t f/s-- . rv7 i-'f^^-? 0 llr7y -f /<- 1 0 1 
MfMLIfSo MWflU 1 S^--t-H-r Y-O- 

S (57-10 7) !;SttS-ii:S^fcT% vXf-AO^ 

ffi-ttfed. ai 0 7 t»«l|Xftl 1 8 izimm^f^' 

[0 0 3 71 ft ft iz ft feat, 

ity-f K • L-— !f- ■ Tl"fl;J:orftfe$*itZ 
It f V -7 K#±«3--r f >y- 7 r </<-rti;ii!t^> 

[HI I ^Ji<51 1 9 V K.-ff > -^st-SttW-f- Kn 

V . -7 y . i,--r-->X7-A Kn 7 * • 

1021 ««lT-%tt5.v-»f/^"*x«!!ttt^^ 

( a ) (full width at h a I 

f m a X i mum) 55^5 6 0 f s e c W/%'Jl-X«ge 

(b ) #'tt^ffiA*5 6 0 f s e c W/^'^l-XtOX--?? hA 

[03] «Wi T-Sit^liw^-^f/^Ji-zw^tt 

(a) #tt^e*«3 p s e ccO-N'^XiOieffiBSWt 

( b) 4^*^11**3 p s e cW'fJl-XWX^?^ F J1,S>F 

T f/^- • U - ■ tf - •> X T i> <7)P* ?r m-i -f n V <; E 

I@ 5 ] *W 2 «^»««M-ir tf^ f - ^ ^-rS 
K=tf>-7'^$ftfitj*- pn-y J?-7t -</<- • l.- 



(9) 9 1 6 7 8 6 9 

m 

[Del «»J3«*v-y K#>7-ytffitta^l*- Kn 

[H7] *te«4ro'J >?■ • ^-^Ifx-f -SWf ^.^ 
7-7 K#>7*^»W-t- KD-y i'7T Y/i- • L--->f 

[H 8 ] 5 WZE/?XMtW-t* ^7-7 K^ff 

>-/5t*- Kn-y i^7T f /<- ■ Ix-'lf-vX-ri.*^ 

111 9 I 6 O ^ 7 7 K;f > -'5^^-»&fJ*- Kn 

•7i'7T f /<- • V— +F-->XxA«1iiiS-f^-r7-o-7 

[HI 01 ^ii«6^ft$L^c^7 7 K#>-/5t««« 
^- Kn / ^7 T • u- if-->x-7 i>?>ft«»« 

^^fT'n -7 

[011] «« 7<n^7 •/ K.-t.'> -^5^*11) ft^-t- Kn 

f,-y y ^ . v-4f-->x-fi.«KS-5Ft-/n -7 

20 llf^orai 

1 0 1 : ZM'; 7 -7 KE r/Y b 7 T -f/f- (TJ-T- -f 
7* ■ 7t -f^i™) 

10 2: r.&M 1 0 3 : /-f + - K ■ V— r- ■ 7 

V-f 

1 0 4 : K • X h 'J y/x'- 

10 5: 7r'r/<- • 7-7 7 yts-T- (cfb 

G. CFBGl) 

1 0 6. 1 0 7 : tt 1 0 8, 1 0 9, 1 1 0, 11 

1. 1 1 2 : u > ^ 

JO 113. 1 1 4 : 7r 7-f--EHET- (FRM) 11 
5 : 1 4?«« 

ii6:i/2«S« 117: %-)t^ 118: 
119: ■ yr i '< 7-^ 7 ytS-T- ( C 

FBG2) 

12 0: -f-x ->r?R+- 

2 0 1 : K-7 T Y M--. 

2 0 2: 7T7T'-@e7- (FRM) 
40 3 0 1, 3 0 2: »g 3 0 3 : « i&fjt-fy) 

5 0 2 :r:fes#>-/a 60 i :a 

7 0 1 : -f ^ - 7- ■ 7 T / ?- • 7-7 •/ ^fS^- (CFB 
G) 



(10) 



t$|S37-9 - 1 6 7 8 6 




(n) 



#B¥9- 16 7 8 6 9 



104] 





-11- 



(13) 



#B¥ 9- 1 6 7 8 6 9 



[HI 0] 




117 112 



•13 



